Introduction
The success of most of the business activities depends on selection of proper supplier of some resources. Two main factors should be taken into account in supplier selection problems: the availability of useful information for evaluation parameters and the possibility of corrupt behaviour [25] . The supplier selection is a complex problem involving not only quantitative criteria but also qualitative ones that requires subjective judgments [10] . Along with this the importance of evaluation criteria is another problem related in any selection. Other aspect in selection process is that in many cases a group of experts with different skills, experience, and knowledge relating to different aspects of selection should be used [4] . Supplier selection problem is an example for the existing difficulties for application of decision making techniques [5, 9] . An approach recognized as a suitable tool for group decision making problems is Multi-Attribute Decision Making (MADM). The MADM approach aggregates the preferences and judgments of decision makers to obtain an acceptable solution [6] . Considering all of the alternatives, evaluation criteria (attributes) and variety of opinions of group of experts with different expertise makes the group decision making process essentially complicated. The complexity of 66 similar problems requires using of specific approaches to tackle with data fuzziness [11, 23] and to use methods of soft computing [2] . In some cases, aggregations of fuzzy relations and fuzzy numbers are used to express the weights of the criteria [19] [20] [21] 24] . Fuzzy relations and fuzzy numbers for criteria evaluations are taken into account in some models for decision making [22, 23] . In other cases, using of linguistic expression of preferences for qualitative aspects by linguistic values is an approximate technique to express the linguistic variables [26, 29] . Expression of preferences through linguistic technique is accompanied by non-compensation of the criteria. All this is related to difficulties in aggregation of preference information by conventional additive operators. The promising direction of mathematical methods in problems of selection relies on multi-attribute utility theory (MAUT) where a utility function is used to evaluate the alternatives performance [13] [14] [15] 18] . The key idea of these methods is formulating of proper utility function to estimate all potential alternatives toward a given set of performance criteria in explicit measures. The major challenge of multi-attribute group decision making that is underestimated is to consider the individual expertise of experts and importance of their points of view about evaluations of criteria and alternatives.
In this article, a modified method based on multi-attribute utility theory is used for group decision making. A mathematical model is formulated based on modified Simple Additive Weighting (SAW) and combinatorial optimization for group decision making. The SAW is the most often used method based on the weighted average using arithmetic mean [27] . The proposed modelling approach for supplier selection takes into account the difference in knowledge and experience of each expert of the group. The rest of this article is organized as follows: Section 2 contains a description of the problem, Section 3 presents the proposed model for selection of alternative by group decision-making based on combinatorial optimization, Section 4 describes numerical testing, Section 5 contains results analysis and discussion, and conclusions are given in Section 6.
Problem formulation
The selection problems usually involve number of conflicting criteria and are recognized as important strategic decisions. The group decision making problem considered concerns a real example for software engineering [14, 18] . The process of decision-making is to be done by a group of K experts able to evaluate a predefined number N of evaluation criteria and for given number M of alternatives. To be more precise in selection of the most preferable alternative, the differences in level of experience and knowledge of group members are to be considered.
The goal is to select the most preferable alternative taking into account the evaluations of predefined number of alternatives toward given evaluation criteria in accordance to different point of view of experts in the group. The major difficulty is to express in a proper way the differences in skills, experience and knowledge of experts within the group to get the most preferable alternative. An integrated approach based on modification of SAW and combinatorial optimization is proposed and described in Section 3. 
Combinatorial optimization model for group decision making
In this section a mathematical model for group decision making based on modification of SAW and using of combinatorial optimization is described. Along with this an algorithm for implementation of proposed approach is given.
Modified SAW model and combinatorial optimization for group decision making
The SAW determines the best alternative using following utility function [8] :
where the score of the best alternative is denoted by A * WSM, number of evaluation criteria is expressed by N, evaluation score of i-th alternative toward the j-th criterion is denoted by aij, and relative importance of the j-th criterion is expressed by weight coefficient wj .These coefficients should obey the restriction
In contrast to the classic SAW method where only experts' weights for criteria importance and their evaluations towards the criteria are considered, the model proposed here takes into consideration also the importance of experts' opinions by introducing corresponding weighed coefficient for each of experts. This allows flexible adjustment of differences in knowledge and experience of the group members responsible to determine most preferable alternative.
Modification of SAW model is done by applying of combinatorial optimization through introducing binary integer variables for selection of the most preferable alternative and weighted coefficients to express the group member expertise. The proposed combinatorial optimization model is formulated as follows:
expresses the performance of alternatives, i = 1, 2, …, M, accordingly to the point of view of different experts, k = 1, 2, …, K, in the group toward each criterion, j = 1, 2, …, N. The decision variables {xi} are assigned to each alternative, i = 1, 2, 3, …, M, to realize the selection of single alternative. The differences in the expertise of the group' members (i.e., the importance of each expert' evaluation scores) is expressed by introducing the weighted coefficients assigned to each expert of the group { q }, q = 1, 2, 3, …, K. The relation (6) normalizes these coefficients 68 requiring that their sum should be equal to 1. Nevertheless it is assumed that each expert can evaluate all of the alternatives toward all of the criteria, the weighted coefficients reflect also how well the nature of the criteria is known to them. Using of weighted coefficients to express the level of experience and relevant knowledge of group members allow more precisely to adjust the model for different specific cases of determination the most preferable alternative.
The described optimization model (3)-(6) could be transformed to select more than one preferable alternative if restriction (5) is changed as
In such a way, the problem of single choice is transformed to the problem of multiple-choice decision making problem for selection of k-best alternatives [3, 17] . It should be noted that such modification does not determine which one of the chosen alternatives is better than others.
Algorithm for implementation of modified SAW model for group decision making
The structure of proposed algorithm for implementation of modified SAW model is composed of 9 stages including a stage for determining the different expertise of group members. The first step concerns (1) description of the existing problem; followed by (2) determining of acceptable alternatives appropriate to cope with the problem's goal; (3) identifying of suitable evaluation criteria; (4) determining of a group of competent experts to evaluate the alternatives toward evaluation criteria; (5) determining of corresponding weighted coefficients to express the group members' knowledge and experience; (6) determining of relative importance between criteria in accordance to the point of view of each expert; (7) evaluation of alternatives toward criteria by all experts -depending on the units of dimension for evaluation criteria at this stage a normalization could be used and normalization schemes depend on whether criteria are maximized or minimized [30] ; (8) formulation of combinatorial optimization task; (9) solution of the optimization task and determining of the most preferable alternative.
In practice, the group decision-making process is managed by a leader of the group. He/she is usually responsible to identify the possible alternatives and essential criteria for evaluation. He/she also determines the weighted coefficients that express the group members' knowledge and experience. The leader can be a person authorized to make the final decision or to present the most appropriate alternative to higher management.
Numerical testing
This section provides an illustrative application of the proposed modification of SAW model and extended algorithm for its implementation in the context of group decision-making, as described in Section 3. Table   1 . 7.000 7.000 3.000
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1.000 The numerical example for software engineering adopted from [14] is used to verify the proposed approach and algorithm. The problem is composed of nineteen evaluation criteria as follows: (1) enforces process accountability; (2) addresses horizontal reporting; (3) addresses vertical reporting; (4) reinforces standards of practice; (5) effectively handles the gathering of local requirements; (6) effectively handles the gathering of enterprise requirements; (7) provides project visibility to contract project management office; (8) provides project visibility to government project management office; (9) provides visibility to local site leads; (10) provides project management oversight for projects; (11) provides mechanism to efficiently assign resources; (12) enforces requirements management; (13) provides specific requirements approval and prioritization; (14) promotes de-confliction of requirements; (15) aligns work to Software resources; (16) manages and operates resources more efficiently; (17) will be supported by local customers; (18) development environment is reachable by all resources; and (19) realign resources to handle surge. This problem is entrusted to the group of six authorized experts (E-1, E-2, E-3, E-4, E-5, E-6) to select the most preferable alternative of three possible alternatives (A-1, A-2, A-3). Each expert of the group determines the importance of all criteria by assigning of corresponding weighted coefficients in accordance to his point of view and determines the evaluations of alternatives toward the given criteria.
All of the described above data together with normalized experts' evaluations of the alternatives performance in regards to the given criteria are shown in Table 1 .
Results analysis and discussions
The numerical testing is done on the basis of a real-life problem for software engineering. The proposed mathematical model (3)- (6) and normalized data about alternatives evaluations from Table 1 are used to formulate combinatorial optimization tasks. The LINGO solver, version 12, is used to solve optimization tasks. The obtained results are shown in Table 2 . The flexibility of the described approach is illustrated by using of two different cases for group member's evaluations' importance. In Case-1 all experts are considered as equivalent in their opinions. This assumption is identical to the examples described in [14, 18] . The comparison of numerical test results for the Case-1, identical to [14, 18] , shows a complete match in determining the most preferred alternative, namely alternative A-2. This proves the correctness of the proposed optimization model (3)- (6) .
In Case-2, different weighted coefficients representing different level in expertise of group members are used. The evaluations of experts E-4 and E-5 are 71 considered as most important, followed by expert E-6 that has some middle significance and E-1, E-2 and E-3 opinions have the smallest value. The solution in this second case determines the most preferable alternative -A-3 as shown in last row of Table 2 .
Numerical testing for determination of two preferable alternatives by using constraint (5*) instead of (5), determines alternatives A-2 and A-3 for both cases of weighted coefficients for the experts (Table 2 ). In this solution it is unknown which of the selected alternatives is better, but both of alternatives A-2 and A-3 are surely better than alternative A-1.
It should be mentioned, that using of weighted coefficients to express the level of experience and relevant knowledge of group members allow more precise and objective assessment in determining of the most preferable alternative.
Conclusion
The widely used classic SAW approach is modified to cope with group decisionmaking. The single utility function of SAW in extended by using of binary integer variables to determine the most preferable alternative as solution of combinatorial optimization task. Another essential modification in utility function of SAW takes into account differences in knowledge and experience of group members by introducing weighted coefficients for each member. The proposed modified SAW in group decision-making environment is realized via modified algorithm for implementation of modified SAW. This algorithm is composed of 9 stages including a stage for determination of different expertise of group members. Another kind of utility functions can be used in the proposed algorithm.
Using of combinatorial optimization in the described approach does not require increasing of computational time but adds flexibility in getting the most preferable alternative considering group members expertise. This allows more precise and objective approach to determine the most preferable alternative using different points of view of group members and their relevant level of experience and knowledge. The practical usability was confirmed by numerical testing on an example of a real-life problem for software engineering problem.
The planned future investigations are on the influence of fuzziness in estimations of alternatives and criteria by group members on the determination of most preferable alternative.
